Introduction
EBUS-TBNA also has an extremely low complication rate. According to a Japanese nationwide survey, the infectious complication rate of EBUS-TBNA was 0.19% 4 . A recent study of 3,123 cases undergoing the procedure reported infectious complications in 0.16% 5 . Serious complications such as mediastinal abscess, pneumomediastinum, empyema, pericarditis, sepsis, and intramural hematoma have been described in case reports [6] [7] [8] . However, with the increasing use of this method, significant and critical complications may increase.
Fever following bronchoscopy has frequently been reported, with a range of 5-16% [9] [10] [11] , and incidence of fever after conventional TBNA was 10-13% 12, 13 . However, few studies have investigated fever following EBUS-TBNA. Therefore, in this study, we assessed the incidence of fever following EBUS-TBNA.
Materials and Methods

Patients
A total of 684 patients who underwent EBUS-TBNA from May 2010 to July 2012 at Seoul National University Hospital were retrospectively reviewed. Patients were excluded if they had at least one of the following criteria: body temperature >37.5 o C during the 48 hours prior to EBUS-TBNA (n=56), therapeutic bronchoscopy (n=6), conventional bronchoscopy within 24 hours of EBUS-TBNA (n=6), and discharge within 24 hours of EBUS-TBNA (n=64). Finally, 552 patients were included in the analysis.
EBUS-TBNA procedures
All EBUS-TBNA was performed using a real-time linear probe (BF-UC260F-OL8 and BF-UC260FW; Olympus, Tokyo, Japan). We used a 22-guage needle (NA-201SX-4022; Olympus) for transbronchial aspiration, and conventional flexible bronchoscopy was performed before the EBUS-TBNA examination. If the patient had already taken the bronchoscopy examination, the EBUS-TBNA was conducted immediately after. We used a flexible bronchoscope with a 5.9 mm diameter (model BF-200 or BF-1T240; Olympus Optical Co., Tokyo, Japan). Of 552 patients, 532 (96.4%) underwent conventional bronchoscopy before the EBUS-TBNA examination. EBUS- 
Assessment of fever
The patients were evaluated for fever by a physician every 6-8 hours during the first 24 hours following EBUS-TBNA. Fever was defined as an increase in axillary body temperature over 37.8 o C.
Laboratory evaluations
White blood cells (WBC) and neutrophil counts were obtained before EBUS-TBNA in and at the time of fever. When fever developed after EBUS-TBNA, two sets of blood cultures (both aerobic and anaerobic) were performed.
Statistics
A chi-square test was used to compare categorical variables, and a t test was used to compare continuous variables. The odds ratios for the risk of fever following EBUS-TBNA were analyzed using a multivariate logistic regression model, including age, sex, any variables with a p<0.20, and prior immunosuppressive or antibiotic therapy that could impact fever after EBUS-TBNA. A p<0.05 was considered to indicate significance. All statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA).
Ethics statement
The study was approved by the Institutional Review Board of Seoul National University Hospital (IRB No. 1212-112-453) and conducted in accordance with the Declaration of Helsinki. The informed consent requirement was waived due to the retrospective study design.
Results
Incidence of fever following EBUS-TBNA
The records of a total of 552 patients who underwent EBUS-TBNA were reviewed. The median age was 66 years (range, 22-87 years), and 387 patients were male (70.1%). The baseline clinical characteristics of the study population are summarized in Table 1 . The indications of EBUS-TBNA were for the staging of lung cancer in 386 cases, diagnosis of cancer (lung cancer in 27 cases, and others in 68 cases, suspected of sarcoidosis in 19 cases, tuberculosis in seven cases, and mediastinal or hilar lymphadenopathy in 45 cases). Fever after EBUS-TBNA developed in 110 of 552 patients (20%). 
Risk factors of fever following EBUS-TBNA
One hundred twenty one patients (21.9%) underwent bronchoscopic procedure including biopsy, washing and bronchoalveolar lavage (BAL). There were no differences in abnormal bronchoscopic findings such as bronchial obstruction or narrowing and bronchoscopic procedures between the fever and non-fever group.
The total number of sampled lymph nodes or lung masses was 2.3±0.9. The most frequently punctured lymph node was the lower paratracheal lymph node in 472 cases (85.5%), followed by the subcarinal lymph node in 350 cases (63.4%). There were no differences in the number or location of sampled lymph nodes and necrosis of lymph node on computed tomography (CT) between groups ( Table 2 ). When we evaluated factors for developing fever after EBUS-TBNA using a multivariate model including age, smoking history, prior immunosuppressant therapy, prior antibiotic therapy, bronchial obstruction or narrowing, number of sampled lymph nodes or mass and diagnosis of tuberculosis, no risk factors for fever following EBUS-TBNA were observed (Table 3) .
Clinical characteristics of febrile patients after EBUS-TBNA
The median onset and duration of fever after EBUS-TBNA was 7 hours (range, 0.5-32 hours) and 7 hours (range, 1-52 hours), respectively, and the median peak body temperature was 38. Blood culture samples at the time of fever were taken in 56 (50.9%) patients and positive in two (1.8%). Streptococcus hominis was identified in only a single positive culture of the patients and is part of the normal skin flora thereby able to contaminate blood cultures. None of the bacteraemic patients showed clinical features suggestive of infection. Therefore, no true bacteremia was found. Peripheral WBC and neutrophil counts increased significantly at the time of fever than the pre-EBUS-TBNA values (n=57) (Figure 1 ).
Infectious complications following EBUS-TBNA
Six of 110 febrile patients developed prolonged fever lasting longer than 24 hours, and pneumonia developed in two of the six patients. Three of six patients (50%) with prolonged fever had diabetes mellitus and 12 of 104 patients (11.5%) with fever that subsided within 24 hours had diabetes mellitus. Diabetes mellitus was more common in patients with prolonged fever than in patients with non-prolonged fever (p=0.032). Both patients who developed pneumonia had diabetes.
We experienced one case of mediastinal abscess developing after EBUS-TBNA. A 69-year-old female patient with underly- ing diabetes mellitus underwent EBUS-TBNA for diagnosis of mediastinal lymphadenopathy, but no specific diagnosis was obtained. She developed fever 3 days after the procedure that continued for 7 days, at which time she was diagnosed with mediastinal abscess. After 7 days of antibiotic therapy, the patient became afebrile. The patient was successfully treated with antibiotics for 6 weeks.
Discussion
Our study showed that incidence of fever following EBUS-TBNA was 20%. In most patients, fever develops during the day after procedure, and subsides within a day. Six cases (1.1%) developed fever lasting longer than 24 hours and infectious complications developed in three cases (0.54%). To the best of our knowledge, only two studies have reported fever after EBUS-TBNA. In a Japanese nationwide survey of 7,345 cases of EBUS-TBNA, the fever and infectious complications developed in four cases (0.05%) and 14 cases (0.19%), respectively 4 . The other study evaluated only fever lasting longer than 24 hours. The study reported that one case (0.03%) developed fever lasting longer than 24 hours and four cases (0.13%) developed infectious complications out of a total of 3,123 cases 5 . However, there was not detailed information regarding the definition, onset or duration of fever because these studies evaluated incidence of fever through a questionnaire survey. In our institution, all patients were admitted to conduct EBUS-TBNA and evaluated for fever every 6-8 hours following EBUS-TBNA. We also excluded patients who discharged within 24 hours of EBUS-TBNA. The inconsistent results may reflect differences between patients included and excluded, definitions of fever, methods for evaluation of fever and interval and duration of measuring body temperature. Therefore, the fever rate of other studies might be underestimated. Eapen et al.
14 studied prospectively to investigate the incidence of and risk factors for complications in patients undergoing EBUS-TBNA and reported that complications occurred in 19 (1.44%) of total 1,317 patients. However, they did not evaluate fever after EBUS-TBNA. Overall, this is the first report to thoroughly investigate the incidence of fever following EBUS-TBNA.
The rate of fever following conventional flexible bronchoscopy varies according to different reports, ranging from 5% to 16% [9] [10] [11] . Fever after bronchoscopy usually begins a few hours after the procedure, and subsides within 24 hours of onset. These clinical courses of fever after bronchoscopy are consistent with the results of the present study. According to previous reports 9, 15, 16 , fever following bronchoscopy is associated with old age, abnormal bronchoscopic findings, biopsy, BAL, amount of saline solution or topical anesthetic, duration of the procedure, severity of bleeding, and a final diagnosis of pulmonary tuberculosis. However, in the present study, there appeared to be no relationship between fever and bronchoscopic procedures such as washing and biopsy, abnormal bronchoscopic findings, number of sampled lymph nodes or necrosis of lymph nodes on CT. The exact cause of fever following EBUS-TBNA remains unclear.
One possible cause of fever after EBUS-TBNA is transient bacteremia because of the inoculation of oropharyngeal bacteria through transbronchial aspiration. Steinfort et al. 17 prospectively studied the rate of bacteremia in 43 patients undergoing EBUB-TBNA. Bacteremia was observed in three patients (7%), and all bacterial organisms were typical oropharyngeal flora. However, the three bacteremic patients did not have clinical features suggestive of infection. In a study to examine the incidence of fever and bacteremia in 50 procedures for conventional TBNA, fever occurred in 10% and no bacteremia was found 13 . In our study, two patients (1.8%) had positive blood culture. Identified organism was normal flora of skin and there was no true bacteremia. These results suggest that fever after EBUS-TBNA is not related to bacteremia.
Several studies have suggested that the cause of fever after bronchoscopy is a systemic inflammatory response. We showed significant increases in the total leukocyte and neutrophil counts in the blood at the time of fever relative to the pre-EBUS-TBNA values. These results were consistent with other study 9 . Krause et al. 16 suggested that fever develops after bronchoscopy because of the release of inflammatory cytokines due to their release into the blood stream caused by the alveolar cells after the instillation of fluid. Fever after EBUS-TBNA may be a manifestation of systemic inflammatory response due to physical irritations such as suctioning and TBNA, as well as to fluid instillation.
In the present study, infectious complications developed in three cases (0.54%), with pneumonia observed in two cases (0.36%) and mediastinal abscess in one (0.18%). A Japanese survey reported that the rate of infectious complication was 0.19% (mediastinitis, 0.09%; pneumonia, 0.05%; pericarditis, 0.01%; cyst infection, 0.01%; sepsis, 0.01%) 4 . Similarly, a recent study in Turkey showed an infectious complication rate of 0.16% (fever lasting longer that 24 hours, 0.03%; infection of bronchogenic cyst, 0.03%; mediastinal abscess, 0.03%; pericarditis, 0.03%; pneumomediastinitis with empyema, 0.03%) 5 . Several cases with infectious complications caused by EBUS-TBNA have been reported [6] [7] [8] [18] [19] [20] [21] [22] [23] , and we reviewed fifteen of these. Most patients usually developed fever at 4-10 days after EBUS-TBNA. Similarly, in our study, one case of mediastinal abscess developed fever 3 days after the procedure. Although risk factors for infective complications after EBUS-TBNA have not been determined, they may include biopsy of necrotic structures compromising bacterial inoculation clearance mechanisms, operator inexperience and immunocompromised state due to underlying diseases such as diabetes mellitus and end stage renal disease 6, 22 . In our study, all three patients with infectious complications had diabetes mellitus.
It is important to note that this study had several limitations. Tuberc Respir Dis 2017;80:45-51 www.e-trd.org
Specifically, there was no long term follow-up of any cases for the assessment of fever and infectious complications after EBUS-TBNA because of the retrospective study design. Additionally, 43 patients of 110 febrile patients (39%) received antibiotic treatment due to fever after EBUS-TBNA. As a result, our study could underestimate the incidence of fever and infectious complications after EBUS-TBNA. Finally, we excluded 64 patients who discharged within 24 hours after the EBUS-TBNA because they couldn't be evaluated fever and thus our study had the potential for a selection bias.
In conclusion, fever is relatively common after EBUS-TBNA, but is transient in most patients. However, clinicians should be aware of the possibility of infectious complications among patients with diabetes mellitus.
